INTRODUCTION {#sec1-1}
============

The Kidney Disease Outcomes Quality Initiative (KDOQI) of the National Kidney Foundation defines CKD as either kidney damage or a decreased glomerular filtration rate of \<60 mL/min/1.73 m^2^ for 3 or more months.\[[@ref1]\] A recent systematic review and meta-analysis disclosed the huge burden of CKD in India, which is as high as 17.2%.\[[@ref2]\] The reason for India becoming a leading reservoir of CKD can be attributed to the growing prevalence of diabetes and hypertension.\[[@ref3]\] In the early stages of CKD, the treatment is essential only for the causal conditions (diabetes, hypertension, and other primary risk factors) and to alleviate the advancement of CKD. However, as kidney function deteriorates, a number of medications are administered to manage associated conditions such as mineral and bone disorders, anemia, hyperlipidemia, and cardiovascular complications. Once the patient reaches end-stage renal disease, they may require 10--12 medications.\[[@ref4]\] Cost of treatment at this point is exorbitant and out of reach for more than 90% of patients in India. This administration of multiple medications as well as abysmal compliance with drug regimens may contribute to drug-related problems (DRPs).\[[@ref3]\]

A DRP is an event or circumstance involving drug therapy that actually or potentially interferes with desired health outcomes. These could avert or impede patients from achieving desired therapeutic goals.\[[@ref5]\] Medication errors and adverse drug reactions (ADRs) form the major part of DRPs. Hospitalized patients are more prone to DRPs leading to increased adverse drug effects, which can be reflected by long hospital stays, increased health-care utilization, and costs.\[[@ref6]\] Awareness of DRPs may aid in identifying, resolving, and preventing potential DRPs and is a prerequisite for better patient care.\[[@ref7]\]

Prescribing patterns change with different treating physicians, disease conditions, and population being treated, which makes it important to study the drug utilization over a period of time.\[[@ref8]\] Prescribing pattern studies in chronic kidney disease (CKD) can help propose alterations in prescribing practices to make medical care sagacious. Appropriate selection of treatment thus guarantees utmost benefits to the patients while minimizing the DRPs.\[[@ref9]\] However, in India, there is no depiction of overall medication profile in CKD patients. In this context, the present study was aimed to assess the physician\'s prescribing patterns and to identify and categorize the various DRPs associated with the therapy in CKD patients.

SUBJECTS AND METHODS {#sec1-2}
====================

The work entitled "Evaluation of prescribing practices and drug-related problems in chronic kidney disease patients: A cross-sectional study" was performed over a 6-month duration at a tertiary care teaching hospital in South India. The inclusion criteria were patients who were inpatients diagnosed with CKD and exclusion criteria were patients attending the outpatient department and pregnant and lactating women. The study was performed with the approval of the Institutional Ethics Committee and the consent of the study participants. Regular ward rounds were carried out and patient profiles were reviewed. Data obtained from patient profiles and nursing charts were documented and analyzed for prescribing pattern and DRPs. The collected data were analyzed using IBM Corp. Released 2011. IBM SPSS Statistics for Windows, Version 20.0. (Armonk, NY: IBM Corp.). Descriptive statistics were used to summarize the data. The association between categorical variables was analyzed using the Chi-square test. The predictors of DRPs were identified using binary logistic regression analysis. Any *P* \< 0.05 was considered statistically significant. The various DRPs associated with treatment were found by analyzing the prescription and categorized according to the Pharmaceutical Care Network Europe (PCNE) Classification V 5.01 \[[Table 1](#T1){ref-type="table"}\].

###### 

Pharmaceutical Care Network Europe classification V 5.01

  Primary domain         Code   Sub-classes
  ---------------------- ------ -----------------------------------------
  ADR                    P1.1   Hypoglycemia
                                Gastrointestinal disturbances
                                Cough
                                Muscle ache and cramps
                                Dizziness
                                Others
  Drug choice problems   P2.1   Inappropriate drug
                         P2.3   Inappropriate duplication
                         P2.4   Contraindication
                         P2.5   Drug use without indication
                         P2.6   No drug prescribed but clear indication
                         P2.7   Inadequate regimen
                         P2.8   Drug not required. Repeated
  Dosing problem         P3.1   Dose too low or frequency not enough
                         P3.2   Dose too high or frequency too often
                         P3.3   Duration of treatment too short
                         P3.4   Duration of treatment too long
                         P3.5   Inappropriate dosing
  Drug use problems      P4.1   Drug not taken or administered at all
                         P4.3   Incorrect administration
                         P4.4   Nonadherence to medication
  Drug interaction       P5.1   Potential interaction
  Others                 P6.2   Insufficient awareness/knowledge
                         P6.3   Unclear complaints
                         P6.4   Therapy failure
                         P6.5   Worries about complications/ADR
                         P6.6   Dispensing issues
                         P6.7   Lifestyle modifications
                         P6.8   Monitoring for side effects
                         P6.9   Technical issues

ADR=Adverse drug reactions

RESULTS {#sec1-3}
=======

During the study, 160 patients were included as per the inclusion and exclusion criteria, of which 114 (71.25%) were male and 46 (28.75%) were female. The mean age of the study population was 50.08 ± 15.32 years, the eldest 86 years, and youngest 10 years \[[Table 2](#T2){ref-type="table"}\]. On the analysis of comorbid conditions in the study population, all the patients had hypertension, 47 (29.31%) had diabetes mellitus, and 18 (11%) had anemia \[[Table 3](#T3){ref-type="table"}\]. Average comorbidity in the study population was 1.7 ± 1.86 with a maximum of four and a minimum of one. The number of drugs prescribed in the study population was analyzed \[[Table 4](#T4){ref-type="table"}\]. It was observed that none of the patients were prescribed only one drug. About 91.25% of patients were prescribed more than five drugs. The mean number of drugs prescribed was 9.16 ± 3.01 and the highest prescribed to a patient was 17. An assessment of the prescribing pattern in the study population indicated diuretics as the most commonly used drugs (77.50%) in the antihypertensive class, followed by alpha agonists (32.50%), alpha blockers (25.62%), and beta blockers (11.87%). Insulin for glycemic control was being prescribed to 25.62% patients. The utilization of phosphate binders and iron supplements was analyzed which showed sevelamer (8.75%) and erythropoietin (23.12%) to be the most used phosphate binder and iron supplement, respectively. Calcium carbonate (8.75%) and Vitamin D3 (5%) were the most used calcium and Vitamin D supplements \[[Table 5](#T5){ref-type="table"}\].

###### 

Age variation in the study population

  Age (years)   Number of patients (*n*=160), *n* (%)   
  ------------- --------------------------------------- ------------
  \<20          4 (2.5)                                 3 (1.88)
  21-40         31 (19.38)                              8 (5)
  41-60         53 (33.13)                              22 (13.75)
  61-80         23 (14.38)                              13 (8.13)
  \>80          3 (1.88)                                0

###### 

Comorbidities in the study population

  Comorbidities                        Number of patients (*n*=160), *n* (%)
  ------------------------------------ ---------------------------------------
  Hypertension                         160 (100)
  Diabetes mellitus                    47 (29.38)
  Anemia                               18 (11.25)
  Ischemic heart disease               15 (9.38)
  Hypothyroidism                       7 (4.38)
  Lower respiratory tract infections   5 (3.13)
  Others                               28 (17.5)

###### 

Number of drugs prescribed in the study population

  Number of drugs   Number of patients (*n*=160), *n* (%)
  ----------------- ---------------------------------------
  1                 0
  2-5               14 (8.7)
  \>5               146 (91.25)

###### 

Prescribing pattern of the study population

  Drug category           Number of patients (*n*=160), *n* (%)
  ----------------------- ---------------------------------------
  Antihypertensives       160 (100)
  Antidiabetics           44 (27.52)
  Phosphate binders       14 (8.71)
  Iron supplements        56 (35.0)
  Vitamin D supplements   22 (13.78)
  Statins                 15 (9.38)
  Antiplatelets           33 (20.66)
  Antibiotics             35 (21.85)
  Others                  25 (15.6)

DRPs in the study population were studied \[[Table 6](#T6){ref-type="table"}\]. A total of 337 DRPs were identified among 160 patients. The most common DRP was drug interactions (59.94%), followed by frequency error (11.57%) and indication without drug (11.28%). Pharmacokinetic interactions (82.67%) were found to be higher versus pharmacodynamic interactions (17.32%). Severe drug interactions were comparatively lower (28.21%) than moderate (41.58%) and minor (30.19%). Among 160 prescriptions, 35 (21.87%) were free from any DRPs, 38 (23.75%) prescriptions included only one DRP, and 37 (23.12%) prescriptions included two DRPs \[[Figure 1](#F1){ref-type="fig"}\]. The average number of DRPs was 2.08 ± 1.62 with a maximum of 38 and a minimum of 1.

###### 

Drug-related problems in the study population

  Drug-related problems     Number of prescriptions (%)
  ------------------------- -----------------------------
  ADR                       4 (1.19)
  Inappropriate drug        4 (1.19)
  Drug without indication   3 (0.89)
  Indication without drug   38 (11.28)
  Frequency error           39 (11.57)
  Contraindications         11 (3.26)
  Too high dose             14 (4.15)
  Dose adjustment           10 (2.97)
  Drug interactions         202 (59.94)
  Drug duplication          4 (1.19)
  Insufficient awareness    4 (1.19)
  Worries about ADR         4 (1.19)

ADR=Adverse drug reactions

![Drug-related problems per prescription](PCR-11-70-g001){#F1}

DISCUSSION {#sec1-4}
==========

In this study of 160 patients, one-third belonged to the 51--60 years age group. This is on par with the study conducted by Rani *et al*.,\[[@ref10]\] in which majority of patients belonged to the 41--60 years age group. This is because the prevalence of CKD is expected to increase with age. This can also be explained by the reduced life expectancy in the CKD population resulting in a lower number of patients aged 80 years and above.\[[@ref10][@ref11][@ref12]\] In this study, the major comorbidities were hypertension, type 2 diabetes mellitus, and anemia. This is in accordance with the results of a study conducted by Rani *et al*.,\[[@ref10]\] in which the major comorbidities were found to be hypertension, diabetes mellitus, and coronary artery disease. It is known that the prevalence of CKD is high in patients with these comorbidities.\[[@ref9]\] Hypertension and diabetes are considered as diseases that led to the initiation and progression of CKD which support the prevalence of these conditions in the study population.\[[@ref13]\] The multiple comorbidities and complications in CKD increase the risk of polypharmacy. Almost all the CKD patients have hypertension as the most common comorbidity. The relationship between hypertension and CKD is cyclic. Uncontrolled hypertension, a risk factor for developing CKD, is associated with a more rapid progression of CKD. Meanwhile, progressive renal disease can exacerbate uncontrolled hypertension due to volume expansion and increased systemic vascular resistance.\[[@ref10]\] Diuretics were found to be more used in the study population, followed by calcium-channel blockers (CCBs), alpha-agonists, and alpha-blockers. This was similar to a study conducted by Bajait *et al*.,\[[@ref1]\] where diuretics are more used than CCBs. Diuretics are necessary in CKD for the control of extracellular fluid volume expansion and their associated effects on blood pressure. Fluid retention is one of the complications of hypertension in CKD patients.\[[@ref1]\] Patients require diuretics to reduce blood pressure and to control fluid overload. Loop diuretics (torsemide and furosemide) are more used than thiazide diuretics. Former is recommended in the final stages (Stages 4 and 5) and latter is recommended in the initial stages (Stages 1--3) according to KDOQI guideline. All thiazide diuretics except metolazone are ineffective in CKD Stages 4 and 5 due to thiazide\'s inability to reach the site of action. Torsemide, furosemide, and metolazone are the diuretics used in the CKD patients in this study. Metoprolol is the only prescribed beta-blocker. It is lipid soluble and does not require dosage adjustment and therefore preferable in CKD.\[[@ref14]\] Nevertheless, beta-blockers are least preferred in CKD patients with diabetes since it masks the symptoms of hypoglycemia. Angiotensin-converting enzyme inhibitors (ACEIs) and angiotensin receptor blockers (ARBs), which are preferred drugs in the initial stages of CKD, can cause hyperkalemia in the end stages of CKD. Dose adjustment is required for ACEIs and ARBs in chronic renal failure due to the altered pharmacokinetic parameters. Hence, these drugs are least preferred in the end stages of CKD. However, to reduce proteinuria, ACEIs and ARBs are preferred over other drugs since they can reduce intra-osmotic pressure in Bowman\'s capsule.\[[@ref1]\] In this study, 27.5% of patients were prescribed antidiabetic medications. Insulin was the most prescribed antidiabetic versus oral hypoglycemic drugs. This was similar to a study conducted by Bajait *et al*.\[[@ref1]\] In diabetic patients, rigorous glycemic control decreases the rate and progression of microalbuminuria. However, during the phase of deteriorating renal function, insulin requirement falls because the kidney is a site of insulin degradation, and this might be the reason for the remarkable number of patients not receiving any antidiabetic agent. The most prescribed phosphate binder and iron supplement included sevelamer and erythropoietin, respectively. In a study conducted by Slatopolsky *et al*.,\[[@ref15]\] in CKD patients, calcium carbonate was the most preferred phosphate binder. Erythropoietin was the most commonly used iron supplement in a study by Collins.\[[@ref16]\]

DRPs in this study population were found to be 337 out of 160 prescriptions. The number of inappropriate drug interactions was highest, followed by frequency error and indication without drug. This was contrary to the study conducted by Zaman Huri and Fun Wee\[[@ref17]\] where insufficient awareness of health and diseases was highest, followed by inappropriate drug interactions. In this study, there was polypharmacy in almost all patients, which might be the reason for increased events of drug interactions. The busy schedule of nursing staff and patient\'s noncompliance to medications are two main factors that contribute to increased frequency errors. Often, some of the underlying comorbidities or complications do not show any overt signs or symptoms. Hence, those conditions are left untreated leading to increase in indications without drugs. The effect of some drugs also leads to masking of symptoms of diseases present. Since the number of CKD patients is steadily increasing, the care given to individual patients has decreased which has led to errors in dose adjustments and proper dosing of drugs. In this study, the problems due to insufficient awareness in patients, ADR, inappropriate drugs, contraindications, and worries about ADR are negligible and no DRPs were found in 38 prescriptions according to PCNE classification. This indicates that effective patient education was given to the study population, and the provision of pharmaceutical services is improving. The active participation of a complete pharmaceutical care team, including doctors, pharmacists, nursing staffs, and other paramedical staffs can resolve DRPs and can improve overall patient care.\[[@ref11][@ref18][@ref19]\]

CONCLUSION {#sec1-5}
==========

In the present study, DRPs were found to be directly proportional to polypharmacy. One-fourth of the population was free from DRPs. The most prominent DRP was found to be drug interaction, followed by frequency error and indication without drug. Continual identification and resolution of DRPs by a complete pharmaceutical care team can help to improve the health status and quality of life of these patients and could play a vital role in achieving better clinical outcomes.
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